Abstract-Asthma is a chronic disease that requires monitoring and treatment throughout the patient's lifetime. The common adventitious sounds related to asthma are wheezes. A study that has classified the severity of asthma using wheezes are still lacking in the field, therefore, the purpose of this work is to compare feature extraction methods for the classification of asthma severity level. Three types of features opted are mel frequency cepstral coefficients (MFCC); short time energy (STE); auto-regressive model and k-nearest neighbor (KNN) classifier is used in representing the performance of the feature used. Based on the overall performance between the features, MFCC features and KNN classifier shows the best and the highest performance with 95.92%, 96.33% and 98.42% average accuracy, sensitivity and specificity value obtained compared to STE that only obtained the highest average accuracy, sensitivity and specificity value of 84.94%, 87.33% and 95% respectively while AR features only obtained the highest average accuracy, sensitivity and specificity value of 49.43%, 52.17%, and 82.79% respectively.
I. INTRODUCTION
One of the incurable disease in this world is asthma, however, it can be controlled throughout the patient's lifetime with proper treatment and monitoring [1] . Currently, to diagnose asthma, auscultation with a stethoscope is used. Moreover, peak flow meter (PFM) is used to determine the peak expiratory flow in determining the pulmonary conditions. However, if to compare both of the methods used, reveals that the auscultation technique is more preferable by the doctors due to that it is safer to use and more convenient [2] . As for the Peak Flow Meter, it offers more limitations compared to the auscultation techniques, such as it needs full cooperation from the patient and can cause discomfort to the patient [3] . Moreover, PFM also is not suitable to be used for severe asthma patients and also infants that cannot provide any cooperation in the use of the PFM [4] . Over around the past decade, computerized support system on respiratory sounds from either normal subjects or patients with the respiratory disease has become a popular interest among researchers [5] .
Respiratory sounds are created by the respiratory system from the movement of the airflow during inspiration and expiration in breathing. These sounds provide a vital source of information on the respiratory system [2] . It can be classified into normal or adventitious sounds. There are two types of adventitious sounds, namely continuous and discontinuous [6] . The common adventitious sounds related to asthma are wheezes. Wheezes overlap with the normal respiratory sounds and according to the CORSA group, wheezes exhibit duration more than 100 ms and frequency content more than 100 Hz [7] .
Most of the previous studies performed by researchers focused on distinguishing between normal and asthma patients. However, it is difficult to compare various methods reported in the previous study due to the differences in the data acquisition methods and methodologies used. Moreover, the study that has classified the severity of asthma opting wheezes are still lacking and therefore, previous researches related to the recognition of wheeze signals will be studied [8] .
Feature extraction methods, such as those using statistical features [9] , MFCC [10] , auto-regressive model (AR) [11] , entropy [12] etc., have been previously implemented by researchers to extract features for the classification method. In this work, short time energy (STE), auto-regressive model (AR) and MFCC are implemented. These features are adapted due to the high implementation by the previous researcher that produces such a high-performance result.
After capturing and finalizing the features from the wheeze signals, the signals will then be classified into their corresponding wheeze stages using one of the various classifier algorithms that are available. Various classifiers, such as SVM [13] , KNN [14] , HMM [15] , ANN [16] , have been used by various researchers for wheeze sound classification. In this study, only KNN will be used in order to observe the overall performance of the features extracted. The selections of the classifiers used are also based on the high implementation by the previous researcher that produces such a high-performance result.
II. METHODOLOGY

A. Data Acquisition and Ethical Approval
The data collection work is carried out at the emergency department of Hospital Tuanku Fauziah, Kangar, Malaysia. First of all, in collecting wheeze data from the asthmatic patient, no asthma triggering drugs are used. Data are obtained directly from the asthmatic patient during asthma attack. The data is collected from subjects with severe, moderate and mild asthma which the severity of the patient's asthma is validated by the attending doctor [17] . The data are collected in a sitting position on the right and left posterior bases of the lung using the WISE digital stethoscope.
B. Data pre-processing Methods
The lung sound signals from the patients are recorded using a WISE digital stethoscope at 10 kHz of sampling rate that are compliance with the CORSA standard. The sound signals are first filtered to remove the DC offset at 7.5 Hz using the 1st element of Butterworth high-pass filter, next to avoid aliasing by using the 8th element of Butterworth low-pass filter at 2.5 KHz and finally filtered with the 6 th element of Butterworth band-pass filter with a cut-off frequency of 150 and 2000 Hz.
C. Feature Extractions Methods
1) Mel Frequency Cepstral Coeffcients(MFFC)
Extracting MFCC is a popular method for acoustic signal processing because the MFCC model provides knowledge regarding the variation of the frequency of the critical bandwidth of the human ear [10] . MFCC in the respiratory sound analysis is widely utilized and has achieved a competent outcome. In extracting MFCC, the signal undergoes a FFT in a frame-by-frame manner. Finally, the power coefficients of the signal are then being filtered out through a mel-scale filter bank to obtained the the MFCC [18] . As for this work, 13 MFCC are extracted to be used for the classification of asthma stages in accordance to work done by Bahoura et. al, (2009) that uses MFCC to classify between wheeze and no wheeze signal [19] .
2) Auto-regressive model (AR)
In respiratory sound signal detection, power spectral density (PSD) are widely implemented. Firstly, the parameter model is estimated through data observations and followed by the output power calculation of the parameter model in order to estimate the power spectrum of the signal. AR model can impressively illustrate the peaks of narrow-band power spectra [20] .
In this work, Yule-Walker equations are used for approximating the coefficients. The Yule-Walker established a biased approximation of the signal's autocorrelation function and finally by minimizing the least squares of the forward prediction error [21] .
3) Short Time Energy (STE)
STE is a popular method used in speech recognition. It is an effective yet a simple variable for unvoiced and voiced segments classification [22] . Physically, energy is a measure of how much signal there is at any one time. In the speech signal, STE is used to discover voiced sound which has the higher energy to unvoiced. Similarly, wheeze sound has a higher energy to normal respiratory sound thus making the implementation of STE as in speech sound segmentation suitable to be adopted in this work. Moreover, from the observation, the amplitude of wheeze signals changes with time. In particular, the amplitude of no wheeze signals is generally smaller compared with the amplitude of wheeze signals. Therefore, statistical features that will be extracted from STE are the following seven statistical features: mean, median, skewness, standard deviation, maximum, kurtosis, and interquartile Range (IQR).
D. Feature Statistical Validation using ANOVA
The diverse type of features extracted from the lung signals may or may not indicate information related to the signal of interest. Therefore, statistical validation can be done to analyze whether the extracted features can represent the various stages of asthma and to distinguish between no wheeze and wheeze sounds. As a result, the not statistically significant features can be removed or put aside from further processing to avoid the degradation of the overall system performance. One of the popular methods and is going to be used in this work is the use of analysis of variance (ANOVA).
ANOVA is a statistical test to examine the variance of dataset means and comparing this to the class variance of the datasets themselves. Therefore, the significance of the difference between the means of several datasets can be determined. In this work, an ANOVA test is performed using the software "IBM SPSS Statistics 20". The significance threshold is set to p < 0.05 for all of the cases studied [17] .
E. Classification Methods
KNN is of the simplest and an ancient pattern classification method [23] . It also competent in providing highperformance results even for complex applications [24] . The hypothesis underlying the KNN technique is the assignment of unknown classes to the class to which most of its K-Nearest Neighbor belong to [25] . In general, the most adaptation of KNN classifiers previously utilizes Euclidean distances [23] . Although the finest choice of K generally relies on the data, K with a larger value can lessen the noise effect but can cause the boundaries between classes less prominent. In this work, K values ranging from 1 to 10 are tested.
III. EXPERIMENTS AND RESULTS
A total of 50 subject's data (10 normal, 15 mild asthma, 15 moderate asthma and 10 severe asthma) are managed to be collected. Therefore, from the total of 50 subjects, 250 overall respiratory data are used for this work. Signal verification is done to check whether the signals collected are valid for further analysis. Therefore, for the work done, frequency distribution analysis has been adapted for verifying the signals collected. Frequency distributions are analyzed based on the property of wheezes as high-pitched adventitious sounds. Wheezes sound does cover or overlap with the normal respiratory sounds. From the spectrogram, it can be clearly observed that the dominant frequency of the signal is between 0 to 1000Hz which does correlate with the previously reported frequency for wheeze thus this analysis confirms that the signals collected are valid for further process. Moreover, from the spectrogram and also original image for every wheeze signals collected, there is a high correlation between finding by Shim and Williams (1983) which have discovered a correlation between the characteristics of wheezing and the severity of the obstruction of the airway [26] .
Through their observations, the patient with more severe asthma is reported to have a high-pitched wheeze compared to a mild and moderate asthma patient. Moreover, signals presented from Figure 1 to Figure 4 have also proven Le et al., (2009) findings which stated that the severity of airway obstruction has also been related to the duration, intensity, and pitch of the wheezing sound [27] . After done with the validation of the data, all of the data undergone a data pre-processing followed by feature extractions and finally data classification process. Overall performance result for each of the features extracted for each of the feature used is presented in Table 1 . As for the overall performance using various feature extraction methods, can be observed that for all of the three features used all of the features shows a higher classification accuracy when ten-fold cross-validation are used compared with the conventional method utilized.
According to the overall features performance, MFCC features together with KNN classifier show the best and the highest performance with an average accuracy, sensitivity and specificity value of 95.92%, 96.33% and 98.42% obtained, compared to STE that only obtained the highest average accuracy, sensitivity and specificity value of 84.94%, 87.33% and 95% respectively while AR features only obtained the highest average accuracy, sensitivity and specificity value of 49.43%, 52.17%, and 82.79% respectively. Although from the previous study, the implementation of AR produces one of the highest classification accuracies such as work by Alsmadi and Kahya with 96% classification accuracy obtained in classifying wheeze and no wheeze signal, however the performance of AR lacking in this work probably due to the fact that the reduced root mean squared error between no wheeze and wheeze signal are more significance compared with the reduced root mean squared error between various wheeze signal from different severity levels of asthma. This issue affects the order selection of the AR thus affecting the overall performance of AR features.
As for the best performance obtained from MFCC features, this is probably due to the fact that the MFCC features approximately mimic the human auditory response system. This also correlates the existing methods of asthma severity levels diagnosing that is obtained using stethoscope through doctor's interpretation.
IV. CONCLUSIONS
Among the extracted features, MFCC performed the best while AR features perform the worst among the feature tested. Due to the lack of study in classifying severity level of asthma using wheezes, there are vast opportunity of method that can be tested in the future in developing a research study that is beneficial for the development of an automated system for asthma control that is hoped to be a very useful tool in the hospital, clinic, and self-monitoring of asthma at home. The developed system can also be used as a learning tool for medical study, asthma monitoring at school, sports institutes etc., where asthma monitoring is needed.
